A reverse transcription-PCR method was developed to detect enterovirus (EV), hepatitis A virus (HAV), and rotavirus (RV) RNAs in shellfish and sediment. The method was first tested under experimental conditions by using virus-spiked shellfish to evaluate assay sensitivity. The use of CC41 cellulose was found to be efficient for removing inhibitors of RV detection. For sediment samples, a Sephadex column was used to allow the detection of EV and HAV RNAs. The specificity of amplified products was controlled by hybridization with digoxigeninlabeled oligoprobes. The method was then applied to naturally contaminated shellfish and sediments. EV, HAV, and RV RNAs were detected in 22, 14, and 20%o of the shellfish samples, respectively. No relationship between viral contamination and bacterial contamination was found. When viral RNAs (HAV or EV) were detected in sediments, they were also detected in shellfish.
Human viruses able to persist in the environment are essentially enteric viruses which are extremely resistant to unfavorable conditions and include adenoviruses, caliciviruses, enteroviruses (EV), and hepatoviruses. After replicating in the gastrointestinal tract, these viruses are excreted into sewage and may be dispersed into the environment if sewage is not adequately treated (21, 29, 34, 48, 49) . One of the most important consequences of the contamination of coastal areas is the concentration of viruses by shellfish through filter feeding. Standards based on coliform bacteria and established to protect shellfish consumers are known not to be correlated with the presence of viruses, and little about viral depuration is known. Outbreaks of shellfish-transmitted viral disease occur periodically, causing problems for public health and resulting in economic losses for the seafood industry (12, 17, 23) . In many outbreaks of viral gastroenteritis, the causative agent is not identified either because it is not possible to detect some viruses by cell culture or because of methodological problems with traditional techniques (e.g., toxicity for cell culture or low concentrations).
The development of molecular technology has provided sensitive, specific, and rapid tools for viral detection, and the applicability of these methods to environmental samples is beginning to be demonstrated (1, 4, 13, 18, 26, 29, 34, 48) . Most of the available literature has reported laboratory studies of improvements of methodology with virus-spiked shellfish or water. This paper describes our first results in detecting viral RNAs in naturally contaminated shellfish and sediment from open-harvesting areas, which is a distinction from other published studies. We used seminested PCR followed by hybridization to detect hepatitis A virus (HAV), rotavirus (RV), and EV. Initially, virus-spiked shellfish allowed us to improve the elution concentration step and the removal of inhibitors of enzymatic reactions; then the method was applied to field samples.
MATERIALS AND METHODS
Virus strains. HAV strain CF53 adapted to growth in PLC/PRF/5 cells (10) was used in this study. The infectious HAV titer was determined as previously described (38) , and the 50% tissue culture infectious dose (TCID50) per milliliter was calculated according to the method of Reed and Muench (40) . Poliovirus strain type 1 (Sabin strain) was cultivated in HEP-2 cells and titrated by the most probable number cytopathogen unit (MPNCU) method (22 10 ,000 x g. The pellet was washed three times with 1 x STE-20% ethanol buffer. Adsorbed RNA was eluted with 50 [L1 of DEPC water for 10 min at 55°C. After centrifugation for 3 min, the supernatant was used for reverse transcription PCR (RT-PCR).
For sediment samples, nucleic acids were extracted from 1 g of sediment with proteinase K under the same conditions used for shellfish concentrate. After ethanol precipitation, an additional step of purification was performed with Sephadex G150 columns (1) .
Primers. We used primers selected from published sequences. For EV, the 5' noncoding region reported to be highly conserved among picornaviruses has been used in most of the published PCR (reviewed in reference 28) so we selected primers from this region (7, 43) . For HAV, primers were chosen to bind the conserved sequences of the VP1 capsid region (8, 42) . For RV detection, we used primers from the VP7 gene, an area conserved within group A RV but highly divergent among different RV groups (15, 20 (Table 3) . Among the 12 clam samples, 3 were positive for HAV RNA, 3 were positive for EV RNA, and 2 were positive for RV RNA. Among these, one was positive for both HAV and RV RNAs (point 1 in June 1993), one was positive for both HAV and EV RNAs (point 2 in June 1993), and one was positive for both EV and RV RNAs (point 5 in October 1993). In October 1992, the samples collected at points 1 and 5 contained only EV RNA. Bacteriological data for the three points for clam samples showed that point 1 samples were always contaminated above the acceptable level, the point 5 sample of June 1993 was not contaminated, and point 2 samples showed no contamination. Among the eight oyster samples collected, three were positive for HAV RNA, three were positive for EV RNA, and two were positive for RV RNA. Two oyster samples were positive for both HAV and EV RNAs, one sample (point 4 in October 1992) contained all three viral RNAs, and one sample was positive only for RV RNA (point 4 in June 1993). Bacteriological data indicated very low levels of contamination at these two points at all times.
DISCUSSION
This study was undertaken to evaluate an RT-seminested PCR method for the detection of viral RNAs in naturally contaminated shellfish from open-harvesting areas. We chose to use seminested PCR because of its sensitivity, as low levels (36, 52, 54) . We compared two methods, beef extract flocculation and PEG 6000 precipitation, usually used to recover virus from shellfish. The higher sensitivity observed with PEG 6000 precipitation is in agreement with the results obtained by Lewis and Metcalf (33) . The sensitivity of our procedure is better than (4, 26) or about the same (18) as those previously described for HAV detection and is the same as that previously described for EV detection (4, 26) . For RV detection in shellfish, no sensitivity study has been reported previously.
False-negative PCR results have been reported as a result of the presence of inhibitors either in samples or introduced during the concentration procedure (26, 29, 45, 49) . To limit these negative effects and to avoid the introduction of too much salt in RT-PCR, we suspended the viral pellet in DEPC water instead of phosphate buffer; a comparison of the two suspensions showed more positive samples when water was used (32) . A variety of extraction procedures have been devised to eliminate inhibitors (1, 4, 10, 16, 19, 25, 51, 53) . In our first procedure, no additional purification step was added because too many extraction steps might increase the loss of genetic material or the likelihood of viral RNA damage (25, 35) . Unfortunately, without further purification, we were unable to detect RV double-stranded RNA in shellfish or viral RNAs in sediment samples. For RV double-stranded RNA purification, different methods have been published (16, 19, 51, 53) . We chose CC41 cellulose, which is quite similar to CF11 and allows good detection of double-stranded RNA (6) . All the purification steps were performed in the same tube, thereby avoiding excessive manipulation and risk of contamination. With sediment samples, humic substances have been reported to inhibit PCR (47, 49 (39) and no viral amplification occurred when proteinase K digestion was omitted, it is likely that the amplification products resulted from encapsidated viral RNA. Some studies have shown a correlation between the detection of viral RNA by PCR and the detection of infectious particles (21, 29, 31 (41, 52) . In a previous study, we found that cockles were more contaminated than mussels from the same site but we couldn't determine whether differences in living conditions or in the natures of these two bivalves were responsible (30) . Therefore, in this study, in the first area where the two types of shellfish were growing, we also analyzed sediment samples. The results showed that whenever viral RNA (EV or HAV) was detected in sediments, it was also detected in shellfish. There was almost a twofold-higher incidence of EV and HAV in sediments than in shellfish. Although this may not be significant, this point needs further elaboration and these results suggest a relationship between sediment contamination and shellfish viral contamination.
At the second site, no difference in viral contamination was found among shellfish from the five points with different levels of bacterial contamination. This lack of correlation has been described previously (30, 50, 53) . Samples with FC counts as high as 10 FCs/100 g were negative for all three viral RNAs. These negative results were not false negatives caused by the presence of inhibitors in the samples, because the samples were tested for the presence of inhibitors by the addition of EV RNA to shellfish extracts and by amplification (data not shown).
This study showed that about 14% of shellfish samples were contaminated with HAV RNA. As an outbreak (about 660 cases presumably linked to shellfish consumption) occurred during the winter of 1992 (37) , this contamination may reflect residual virus. In a study of the same area, infectious particles of HAV were found 3 months after the outbreak (9) . This contamination may also be a consequence of the presence of virus in sewage despite the decline of seropositivity for HAV in France (27) . VOL. 60, 1994 on October 20, 2017 by guest http://aem.asm.org/
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In conclusion, this study demonstrates that we have developed a method of virus detection in shellfish that can be used for the detection of different types of virus in several species of shellfish. Detection of virus in the environment could prevent outbreaks, and molecular techniques such as PCR are particularly promising procedures for monitoring viral contamination of the environment. Even though these techniques cannot discriminate between infectious and noninfectious particles, they offer a rapid way for screening and possibly detecting viruses not detectable by other methods. Epidemiological studies could provide information on the real impact of the detection of viral RNA in shellfish.
